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(57) ABSTRACT 

Bisphosphonate compounds and related methods of making 
and using are disclosed, including pyridinium-l-yl, quino 
linium-l-yl, and related compounds. The activity of com 
pounds is disclosed in the context of functional assays such as 
Leishmania major farnesyl diphosphate synthase (FPPS) 
inhibition, Diclyoslelium discoideum groWth inhibition, 
human gamma delta T cell activation, and bone resorption. 
The applicability of bisphosphonate compounds in the con 
text of parasitic infections, for example against trypano 
somes, is disclosed. Further potential applications of the 
invention are disclosed regarding the treatment of one or more 

conditions such as bone resorption disorders, cancer, bone 
pain, infectious diseases, and in immunotherapy. 
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Synthetic Routes 

General synthetic routes 

1. Preparation of substituted pyridine (if not commercially available) 

Br'— R'_ _ 
V Pd or Ni complex V 5': aBrylzor aslkyl1 

catalyzed coupling ' = n: n, e C 

2a. Preparation of 1-hydroxy-2-(substitutedpyridinium-1-yl)ethyl-1 ,l-diphosphonic acid 

@ @ PO(OH)2 \ BCH coon /\ 

R:C\N l 2 RQN COOH H3PO3,POC|3 RfNy 

2b. Preparation 0fZ-(substitutedpyridinium-1-yl)ethyl-1,1-diphosphonic acid 

PO(OH) 0 Q5» PO(OH)2 \ N 2 100 O f + R R 
'\/) PO(OH)2 H2O PO(OH)2 

R = aryl or alkyl 

3. p-ketone or aldehyde analog of 300 OHC 
MeO OMe PO(OH)2 

Mao. OMe \ HO\ /OH 2a | NOH 
B / PO(OH)2 

Pd PPh \ \ ( 3)4 | + 
/ | K co N 2 3 2b 

r 
/[\| PO(OH); 

| “m 
/ PO(OH)2 

FIG. 2 
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Compounds C5 and (37-018. 

FIG. 7 
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FIG. 9 
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BISPHOSPHONATE COMPOUNDS AND 
METHODS FOR BONE RESORPTION 

DISEASES, CANCER, BONE PAIN, IMMUNE 
DISORDERS, AND INFECTIOUS DISEASES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/245,612 ?led Oct. 7, 2005, Which claims the 
bene?t of US. Provisional Patent Application 60/617,108 by 
Sanders et al., ?led Oct. 8, 2004; each of Which is incorpo 
rated by reference in entirety to the extent not inconsistent 
hereWith. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] This invention Was made, at least in part, With gov 
ernment support under Grant Nos. GM50694 and GM65307 
aWarded by the National Institutes of Health. The government 
has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] Nitrogen-containing bisphosphonates such as pam 
idronate (Aredia®) C1; alendronate (Fosamax®) C2; risedr 
onate (Actonel®) C3; and Zoledronate (Zometa®) C4; shoWn 
in their ZWitterionic forms in FIG. 1, represent an important 
class of drugs, currently used to treat osteoporosis, Paget’s 
disease and hypercalcemia due to malignancy. See references 
1-4. These compounds function primarily by inhibiting the 
enZyme famesyl diphosphate synthase (FPPS) (references 
5-12) resulting in decreased levels of protein prenylation in 
osteoclasts (references 13-15). Certain bisphosphonates have 
also been found to have anti-parasitic activity (references 
16-25) and have been found to stimulate human Y6 T cells 
(references 26-30); there is currently interest in their use as 
vaccines for a variety of B cell malignancies (reference 31). 
[0004] Differences in substituents, hoWever, can strongly 
in?uence the phar'macologic properties of such compounds 
(Green, 2001). Structural differences may also be signi?cant 
in the potential expansion of therapies. For example, Bonefos 
(clodronate) is a bisphosphonate indicated for the treatment 
of tumor-induced osteolysis and hypercalcemia. It has been 
reported to increase survival and reduce the risk of bone 
metastasis in Women With stage II/III breast cancer. This is 
noteworthy as approximately 70% of Women Who develop 
recurrence of breast cancer Will experience bone metastasis, 
and breast cancer remains the leading cause of death among 
Women aged 40 to 55 years. 
[0005] For even second generation bisphosphonates, it is 
recogniZed that small changes of structure can lead to marked 
improvements in activity or function, for example in the inhi 
bition of osteoclastic resorption potency (Widler et al., 2002). 
Therefore, there is great interest in the further development of 
alternative bisphosphonate compounds and the exploration of 
methods of use such as clinical applications. 

SUMMARY OF THE INVENTION 

[0006] The present invention surprisingly provides the ?rst 
report of the synthesis and testing of a series of pyridinium 
1-yl and related bisphosphonates. Bisphosphonate com 
pounds of the invention can demonstrate activity in one or 
more contexts, including a famesyl diphosphate synthase 
(FPPS) assay, a D. discoideum groWth inhibition assay, a T 
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cell activation assay, a bone resorption assay, the treatment of 
infectious disease, the treatment of a bone resorption clinical 
disorder, an immunotherapeutic treatment, the treatment of 
cancer, and the treatment of bone pain. 
[0007] The invention broadly provides bisphosphonate 
compounds and related methods of making and using. The 
invention speci?cally provides compounds With an N-linkage 
including pyridinium-l -yl, quinolinium- 1 -yl, and related bis 
phosphonate compounds. 
[0008] The folloWing abbreviations are applicable. FPPS, 
famesyl diphosphate synthase; pICSO/pECSO, negative log of 
IC5O and ECSO, respectively, Where IC5O and EC5O are the 
concentrations that produce half-maximal inhibition or acti 
vation, respectively; L. major, Leishmania major; D. discoi 
deum, Diczyoslelium discoideum; Y6 T cells, gammadelta T 
cells. Compounds are optionally designated by a number or in 
some cases a number preceded by a letter to help distinguish 
a compound designation from a cardinal number, eg C1 is 
compound 1. 
[0009] The folloWing de?nitions are applicable. 
[0010] Alkyl groups include straight-chain, branched and 
cyclic alkyl groups.Alkyl groups include those having from 1 
to 20 carbon atoms. Alkyl groups include small alkyl groups 
having 1 to 3 carbon atoms. Alkyl groups include medium 
length alkyl groups having from 4-10 carbon atoms. Alkyl 
groups include long alkyl groups having more than 10 carbon 
atoms, particularly those having 10-20 carbon atoms. Cyclic 
alkyl groups include those having one or more rings. Cyclic 
alkyl groups include those having a 3-, 4-, 5-, 6-, 7-, 8-, 9- or 
10-member carbon ring and particularly those having a 3-, 4-, 
5-, 6-, or 7-member ring. The carbon rings in cyclic alkyl 
groups can also carry alkyl groups. Cyclic alkyl groups can 
include bicyclic and tricyclic alkyl groups. Alkyl groups 
optionally include substituted alkyl groups. Substituted alkyl 
groups include among others those Which are substituted With 
aryl groups, Which in turn can be optionally substituted. Spe 
ci?c alkyl groups include methyl, ethyl, n-propyl, iso-propyl, 
cyclopropyl, n-butyl, s-butyl, t-butyl, cyclobutyl, n-pentyl, 
branched-pentyl, cyclopentyl, n-hexyl, branched hexyl, and 
cyclohexyl groups, all of Which are optionally substituted. 
[0011] Alkenyl groups include straight-chain, branched 
and cyclic alkenyl groups. Alkenyl groups include those hav 
ing 1, 2 or more double bonds and those in Which tWo or more 
of the double bonds are conjugated double bonds. Alkenyl 
groups include those having from 2 to 20 carbon atoms. 
Alkenyl groups include small alkyl groups having 2 to 3 
carbon atoms. Alkenyl groups include medium length alkenyl 
groups having from 4-10 carbon atoms. Alkenyl groups 
include long alkenyl groups having more than 10 carbon 
atoms, particularly those having 10-20 carbon atoms. Cyclic 
alkenyl groups include those having one or more rings. Cyclic 
alkenyl groups include those in Which a double bond is in the 
ring or in an alkenyl group attached to a ring. Cyclic alkenyl 
groups include those having a 3-, 4-, 5-, 6-, 7-, 8-, 9- or 
10-member carbon ring and particularly those having a 3-, 4-, 
5-, 6- or 7-member ring. The carbon rings in cyclic alkenyl 
groups can also carry alkyl groups. Cyclic alkenyl groups can 
include bicyclic and tricyclic alkyl groups. Alkenyl groups 
are optionally substituted. Substituted alkenyl groups include 
among others those Which are substituted With alkyl or aryl 
groups, Which groups in turn can be optionally substituted. 
Speci?c alkenyl groups include ethenyl, prop-1-enyl, prop 
2-enyl, cycloprop-1-enyl, but-1-enyl, but-2-enyl, cyclobut-1 
enyl, cyclobut-2-enyl, pent-1-enyl, pent-2-enyl, branched 
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pentenyl, cyclopent-l-enyl, hex-l-enyl, branched hexenyl, 
cyclohexenyl, all of Which are optionally substituted. 
[0012] Aryl groups include groups having one or more 5- or 
6-member aromatic or heteroaromatic rings. Aryl groups can 
contain one or more fused aromatic rings. Heteroaromatic 
rings can include one or more N, O, or S atoms in the ring. 
Heteroaromatic rings can include those With one, tWo or three 
N, those With one or tWo O, and those With one or tWo S. Aryl 
groups are optionally substituted. Substituted aryl groups 
include among others those Which are substituted With alkyl 
or alkenyl groups, Which groups in turn can be optionally 
substituted. Speci?c aryl groups include phenyl groups, 
biphenyl groups, pyridinyl groups, and naphthyl groups, all 
of Which are optionally substituted. 
[0013] Arylalkyl groups are alkyl groups substituted With 
one or more aryl groups Wherein the alkyl groups optionally 
carry additional substituents and the aryl groups are option 
ally substituted. Speci?c alkylaryl groups are phenyl-substi 
tuted alkyl groups, e.g., phenylmethyl groups. 
[0014] Alkylaryl groups are aryl groups substituted With 
one or more alkyl groups Wherein the alkyl groups optionally 
carry additional substituents and the aryl groups are option 
ally substituted. Speci?c alkylaryl groups are alkyl-substi 
tuted phenyl groups such as methylphenyl. 
[01015] The rings that may be formed from tWo or more of 
R -R5 together can be optionally substituted cycloalkyl 
groups, optionally substituted cycloalkenyl groups or aro 
matic groups. The rings may contain 3, 4, 5, 6, 7 or more 
carbons. The rings may be heteroaromatic in Which one, tWo 
or three carbons in the aromatic ring are replaced With N, O or 
S. The rings may be heteroalkyl or heteroalkenyl, in Which 
one or more CH2 groups in the ring are replaced With O, N, 
NH, or S. 
[0016] Optional substitution of any alkyl, alkenyl and aryl 
groups includes substitution With one or more of the folloW 

ing substituents: halogens, 4CN, 4COOR, ‘OR, ‘COR, 
iOCOOR, %ON(R)2, A)CON(R)2, iN(R)2, iNOz, 
iSR, iSO2R, iSO2N(R)2 or iSOR groups. Optional 
substitution of alkyl groups includes substitution With one or 
more alkenyl groups, aryl groups orboth, Wherein the alkenyl 
groups or aryl groups are optionally substituted. Optional 
substitution of alkenyl groups includes substitution With one 
or more alkyl groups, aryl groups, or both, Wherein the alkyl 
groups or aryl groups are optionally substituted. Optional 
substitution of aryl groups includes substitution of the aryl 
ring With one or more alkyl groups, alkenyl groups, or both, 
Wherein the alkyl groups or alkenyl groups are optionally 
substituted. 
[0017] Optional substituents for alkyl, alkenyl and aryl 
groups include among others: 
[0018] iCOOR Where R is a hydrogen or an alkyl group or 
an aryl group and more speci?cally Where R is methyl, ethyl, 
propyl, butyl, or phenyl groups all of Which are optionally 
substituted; 
[0019] iCOR Where R is a hydrogen, or an alkyl group or 
an aryl groups and more speci?cally Where R is methyl, ethyl, 
propyl, butyl, or phenyl groups all of Which groups are 
optionally substituted; 
[0020] iCON(R)2 Where each R, independently of each 
other R is a hydrogen or an alkyl group or an aryl group and 
more speci?cally Where R is methyl, ethyl, propyl, butyl, or 
phenyl groups all of Which groups are optionally substituted; 
R and R can form a ring Which may contain one or more 

double bonds; 
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[0021] iOCON(R)2 Where each R, independently of each 
other R, is a hydrogen or an alkyl group or an aryl group and 
more speci?cally Where R is methyl, ethyl, propyl, butyl, or 
phenyl groups all of Which groups are optionally substituted; 
R and R can form a ring Which may contain one or more 

double bonds; 
[0022] iN(R)2 Where each R, independently of each other 
R, is a hydrogen, or an alkyl group, acyl group or an aryl group 
and more speci?cally Where R is methyl, ethyl, propyl, butyl, 
or phenyl or acetyl groups all of Which are optionally substi 
tuted; or R and R can form a ring Which may contain one or 
more double bonds. 

[0023] iSR, iSOZR, or iSOR Where R is an alkyl group 
or an aryl groups and more speci?cally Where R is methyl, 
ethyl, propyl, butyl, phenyl groups all of Which are optionally 
substituted; for iSR, R can be hydrogen; 
[0024] iOCOOR Where R is an alkyl group or an aryl 
groups; 
[0025] iSO2N(R)2 Where R is a hydrogen, an alkyl group, 
or an aryl group and R and R can form a ring; 

[0026] iOR Where R:H, alkyl, aryl, or acyl; for example, 
R can be an acyl yielding 4OCOR* Where R* is a hydrogen 
or an alkyl group or an aryl group and more speci?cally Where 
R* is methyl, ethyl, propyl, butyl, or phenyl groups all of 
Which groups are optionally substituted; 
[0027] Speci?c substituted alkyl groups include haloalkyl 
groups, particularly trihalomethyl groups and speci?cally tri 
?uoromethyl groups. Speci?c substituted aryl groups include 
mono-, di-, tri, tetra- and pentahalo-substituted phenyl 
groups; mono-, di-, tri-, tetra-, penta-, hexa-, and hepta-halo 
substituted naphthalene groups; 3- or 4-halo-substituted phe 
nyl groups, 3- or 4-alkyl-substituted phenyl groups, 3- or 
4-alkoxy-sub stituted phenyl groups, 3- or 4-RCO-sub stituted 
phenyl, 5- or 6-halo-substituted naphthalene groups. More 
speci?cally, substituted aryl groups include acetylphenyl 
groups, particularly 4-acetylphenyl groups; ?uorophenyl 
groups, particularly 3-?uorophenyl and 4-?uorophenyl 
groups; chlorophenyl groups, particularly 3-chlorophenyl 
and 4-chlorophenyl groups; methylphenyl groups, particu 
larly 4-methylphenyl groups, and methoxyphenyl groups, 
particularly 4-methoxyphenyl groups. 
[0028] Pharmaceutically acceptable salts comprise phar 
maceutically-acceptable anions and/or cations. Pharmaceuti 
cally-acceptable cations include among others, alkali metal 
cations (e. g., Li", Na", K”), alkaline earth metal cations (e. g., 
Ca“, Mg“), non-toxic heavy metal cations and ammonium 
(NH4+) and substituted ammonium (N (R')4+, Where R' is 
hydrogen, alkyl, or substituted alkyl, i.e., including, methyl, 
ethyl, or hydroxyethyl, speci?cally, trimethyl ammonium, 
triethyl ammonium, and triethanol ammonium cations). Phar 
maceutically-acceptable anions include among other halides 
(e.g., Cl“, Br“), sulfate, acetates (e.g., acetate, tri?uoroac 
etate), ascorbates, aspartates, benZoates, citrates, and lactate. 
[0029] Compounds of the invention can have prodrug 
forms. Prodrugs of the compounds of the invention are useful 
in the methods of this invention. Any compound that Will be 
converted in vivo to provide a biologically, pharmaceutically 
or therapeutically active form of a compound of the invention 
is a prodrug. Various examples and forms of prodrugs are Well 
knoWn in the art. Examples of prodrugs are found, inter alia, 
in Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 
1985), Methods in EnZymology, Vol. 42, at pp. 309-396, 
edited by K. Widder, et. al. (Academic Press, 1985); A Text 
book of Drug Design and Development, edited by Krosgaard 
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Larsen and H. Bundgaard, Chapter 5, “Design and Applica 
tionofProdrugs,”by H. Bundgaard, at pp. 113-191, 1991); H. 
Bundgaard, Advanced Drug Delivery Reviews, Vol. 8, p. 1-38 
(1992); H. Bundgaard, et al., Journal of Pharmaceutical Sci 
ences, Vol. 77, p. 285 (1988); and Nogrady (1985) Medicinal 
Chemistry A Biochemical Approach, Oxford University 
Press, NeW York, pages 388-392). 
[0030] The invention provides compounds having the for 
mula CA1: 

(see also FIG. 9) 
[0031] or a pharmaceutically acceptable salt, ester or 
hydrate thereof; Wherein: 
[0032] X is H, ‘OH, or a halogen; 
[0033] n is 1, 2, or 3; 
[0034] Rl-Rs, independently of one another and other R 
groups, are selected from the group consisting of a hydrogen, 
a halogen, a 4CN, ‘OR, 4COOR, iOCOOR, iCOR, 
iCON(R)2, iOCON(R)2, iN(R)2, iNOZ, iSR, 
iSOZR, iSO2N(R)2 or iSOR group, an optionally substi 
tuted alkyl group, an optionally substituted alkenyl group, 
and an optionally substituted aryl group, Where each R, inde 
pendent of any other R in any listed group, is selected from H, 
an optionally substituted alkyl group, an optionally substi 
tuted aryl group, and an optionally substituted acyl group; 
[0035] tWo or more of R1 -R5 can together form one or more 
rings Which may contain one or more double bonds or Which 

may be aromatic; 
[0036] R6 and R7, independently of each other and other R6 
and R7 in the compound, are selected from the group consist 
ing of a hydrogen, a halogen, a iN(R)2, or iSR group, an 
optionally substituted alkyl group, an optionally substituted 
alkenyl group, an optionally substituted alkoxy group, and an 
optionally substituted aryl group, Where each R, independent 
of any other R in any listed group, is selected from H, an 
optionally substituted alkyl group and an optionally substi 
tuted aryl group; and 
[0037] Wherein R6 and R7 can together form a ring Which 
may contain one or more double bonds. 

[0038] In speci?c embodiments, the invention relates to 
compounds having the above formula Where X is OH. 

[0039] In other speci?c embodiments, the invention relates 
to compounds having the above formula Where X is H. 

[0040] In other speci?c embodiments, compounds of the 
invention are those of formula CA1, With the exception of the 
compound of formula CA1 Where X is H, n is 1 and all of 
R -R7 are hydrogens. 

[0041] In other speci?c embodiments, the invention relates 
to compounds having the above formula Wherein n is 1. 

[0042] In other speci?c embodiments, the invention relates 
to compounds having the above formula Where X is OH and 
n is 1. 
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[0043] In other speci?c embodiments, the invention relates 
to compounds having the above formula Wherein one or both 
of R6 and R7 are hydrogens. 
[0044] In other speci?c embodiments, the invention relates 
to compounds having the above formula Wherein both of R6 
and R7 are hydrogens. 
[0045] In other speci?c embodiments, the invention relates 
to compounds having the above formula Wherein both of R6 
and R7 are hydrogens and n is 1. 

[0046] In other speci?c embodiments, the invention relates 
to compounds having the above formula Wherein both of R6 
and R7 are hydrogens, n is 1 and X is OH. 

[0047] In other speci?c embodiments, the invention relates 
to compounds having the above formula Wherein both of R6 
and R7 are hydrogens, n is 1 and X is H. 

[0048] In other speci?c embodiments, the invention relates 
to compounds having the above formula Wherein Rl-R5 are 
all hydrogens. 
[0049] In other speci?c embodiments, the invention relates 
to compounds having the above formula Wherein Rl-R5 are 
all hydrogens, X is OH and n is 1. 

[0050] In other speci?c embodiments, the invention relates 
to compounds having the above formula Wherein Rl-R5 are 
all hydrogens, X is H and n is 1. 

[0051] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens. 

[0052] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogen, X is OH and n is 1. 

[0053] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogen, X is H and n is 1. 

[0054] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogen and one or more of R2, R3 or R4 is a 
halogen. 
[0055] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is a halogen, 
X is OH andnis 1. 

[0056] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is a halogen, 
Xis Handnis 1. 

[0057] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, and one or more of R2, R3 or R4 is an 
optionally substituted alkyl group, particularly a small alkyl 
group and more particularly a methyl group. 

[0058] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is an option 
ally substituted alkyl group, particularly a small alkyl group, 
X is OH and n is 1. Speci?c compounds of this invention are 
those as above in which R1 and R5 are both hydrogens, one or 
more of R2, R3 or R4 is a methyl group, X is OH and n is 1. 
Speci?c compounds of this invention are those as above in 
which R1 and R5 are both hydrogens, one or more of R2, R3 or 
R4 is a tri?uoromethyl group, X is OH and n is 1. 

[0059] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
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are both hydrogens, one or more of R2, R3 or R4 is an option 
ally substituted alkyl group, particularly a small alkyl group, 
XisHandnis l. 
[0060] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, and one or more of R2, R3 or R4 is an 
optionally substituted alkoxy group. A speci?c alkoxy group 
is a methoxy group. Speci?c compounds of this invention are 
those as in the formula above in Which R2 or R3 is a methoxy 
group. 
[0061] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, and one or more of R2, R3 or R4 is an 
optionally substituted alkoxy group, X is OH and n is l. 
Speci?c compounds of the invention are those as in the for 
mula above wherein R1 and R5 are both hydrogens, R2 or R3 
is a methoxy group, X is OH and n is l. 
[0062] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, and one or more of R2, R3 or R4 is an 
optionally substituted alkoxy group, X is H and n is l. 
[0063] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, and one or more of R2, R3 or R4 is an 
optionally substituted phenyl group. 
[0064] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is an option 
ally substituted phenyl group, X is OH and n is 1. 
[0065] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is an option 
ally substituted phenyl group, X is H and n is l. 
[0066] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, and one or more of R2, R3 or R4 is an 
alkyl-substituted phenyl group. Speci?c alkyl groups are 
methyl, ethyl and n-propyl groups. Speci?c compounds of 
this invention are those as above in Which R2 or R3 is a 3- or 
4-alkylphenyl group. Speci?c compounds of this invention 
are those as above in Which R2 or R3 is a 3- or 4-methylphenyl 
group. Speci?c compounds of this invention are those as 
above in Which R2 or R3 is a 3- or 4-ethylphenyl group. 
Speci?c compounds of this invention are those as above in 
Which R2 or R3 is a 3- or 4-n-butylphenyl group. 
[0067] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is an alkyl 
substituted phenyl group, X is OH and n is l. Speci?c alkyl 
groups are methyl, ethyl and n-propyl groups. Speci?c com 
pounds of this invention are those as above in Which R2 or R3 
is a 3- or 4-methylphenyl group, X is OH and n is l. Speci?c 
compounds of this invention are those as above in Which R2 or 
R3 is a 3- or 4-ethylphenyl group, X is OH and n is l. Speci?c 
compounds of this invention are those as above in Which R2 or 
R3 is a 3- or 4-n-propylphenyl group, X is OH and n is l. 

[0068] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is an alkyl 
substituted phenyl group, X is H and n is l. 
[0069] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, and one or more of R2, R3 or R4 is a 
halo-substituted phenyl group. Speci?c halogens are ?uorine, 
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chlorine and bromine. Speci?c compounds of this invention 
are those as above in Which R2 or R3 is a 3- or 4-halophenyl 
group or a 3-, 4-dihalophenyl group. Speci?c compounds of 
this invention are those as above in Which R2 or R3 is a 3- or 
4-?uorophenyl group. Speci?c compounds of this invention 
are those as above in Which R2 or R3 is a 3- or 4-chlorophenyl 
group. Speci?c compounds of this invention are those as 
above in Which R2 or R3 is a 3- or 4-bromophenyl group. 
Speci?c compounds of this invention are those as above in 
Which R2 or R3 is a 3-bromo-4-?uorophenyl group or a 
3 -chloro -4 -?uorophenyl group. 
[0070] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is a halo 
substituted phenyl group, X is OH and n is l. Speci?c halo 
gens are ?uorine, chlorine, and bromine. Speci?c compounds 
of this invention are those as above in Which R2 or R3 is a 3 
or 4-?uorophenyl group, X is OH and n is l. Speci?c com 
pounds of this invention are those as above in Which R2 or R3 
is a 3- or 4-chlorophenyl group, X is OH and n is l. Speci?c 
compounds of this invention are those as above in Which R2 or 
R3 is a 3- or 4-bromophenyl group, X is OH and n is l. 
Speci?c compounds of this invention are those as above in 
Which R2 or R3 is a 3-bromo-4-?uorophenyl group or a 
3-chloro-4-?uorophenyl group, X is OH and n is l. 
[0071] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is a halo 
substituted phenyl group, X is H and n is l. 

[0072] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, and one or more of R2, R3 or R4 is a 
hydroxy- sub stituted phenyl group Which may be in the form 
of a phenoxy anion or salt thereof. Speci?c compounds of this 
invention are those as above in Which R2 or R3 is a 3- or 
4-hydroxyphenyl group. Speci?c compounds of this inven 
tion are those as above in Which R2 or R3 is a 3- or 4-hydrox 
yphenyl group. Speci?c compounds of this invention are 
those in Which R2 or R3 is a 3- or 4-oxyphenyl anion or a salt 
thereof. Salts of the oxyphenyl anion include Na", K", and 
other pharmaceutically acceptable salts containing pharma 
ceutically acceptable cations. 
[0073] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is a hydroxy 
substituted phenyl group, Which may be in the form of a 
phenoxy anion or salt thereof, X is OH and n is l. Speci?c 
compounds of this invention are those as above in Which R2 or 
R3 is a 3- or 4-hydroxyphenyl group, X is OH and n is l. 
Speci?c compounds of this invention are those in Which R2 or 
R3 is a 3- or 4-oxyphenyl anion or a salt thereof, X is OH, and 
n is l . Salts of the oxyphenyl anion include Na", K", and other 
pharmaceutically acceptable salts containing pharmaceuti 
cally acceptable cations. 
[0074] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, and one or more of R2, R3 or R4 is an 
alkoXy-substituted phenyl group. A speci?c alkoxy group is a 
methoxy group. Speci?c compounds of this invention are 
those as above in Which R2 or R3 is a 3- or 4-methoxy phenyl 
group. 
[0075] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is an alkoxy 
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substituted phenyl group, X is OH and n is 1. A speci?c 
alkoxy group is a methoxy group. Speci?c compounds of this 
invention are those as above in Which R2 or R3 is a 3- or 
4-methoxy phenyl group, X is OH and n is 1. 
[0076] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, and one or more of R2, R3 or R4 is an 
optionally substituted arylalkyl group. A speci?c arylalkyl 
group is a phenylmethyl group, particularly the compound as 
above Wherein R2 or R3 is a phenylmethyl group. 
[0077] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is an option 
ally substituted arylalkyl group, X is OH and n is l.A speci?c 
compound of this invention is one in which R1 and R5 are both 
hydrogens, R2 or R3 is a phenylmethyl group, X is OH and n 
is 1. 
[0078] In other speci?c embodiments, the invention relates 
to compounds having the above formula wherein R1 and R5 
are both hydrogens, one or more of R2, R3 or R4 is an option 
ally substituted arylalkyl group, X is H and n is 1. 
[0079] In a particular embodiment of CA1, X is OH, n:l, 
and Rl-R7 are H. In a particular embodiment of CA1, X is a 
halogen. In a more particular embodiment, the halogen is 
selected from the group consisting of C1 or F. In an embodi 
ment ofCAl, X is Cl. In an embodiment ofCAl, X is F. In an 
embodiment of CA1, X is not H. 
[0080] In other speci?c embodiments, the invention 
includes compounds of formula CA1, Wherein n is 1, all of 
R1, R3 -R7 are hydrogens, X is OH or H and R2 is selected from 
the group consisting of H, optionally substituted alkyl groups, 
optionally substituted alkoxy groups and optionally substi 
tuted phenyl groups. Of particular interest are those com 
pounds in Which the optional substitution is one or more 
halogens, including one or more ?uorines or chlorines. 

[0081] In other speci?c embodiments, the invention 
includes compounds of formula CA1, Wherein n is 1, all of 
R1, R3-R7 are hydrogens, X is OH and R2 is selected from the 
group consisting of H, optionally substituted alkyl groups, 
optionally substituted alkoxy groups and optionally substi 
tuted phenyl groups. Of particular interest are those com 
pounds in Which the optional substitution is one or more 
halogens, including one or more ?uorines or chlorines. 

[0082] In other speci?c embodiments, the invention 
includes compounds of formula CA1, Wherein n is 1, all of 
R1, R3 -R7 are hydrogens, X is OH or H and R2 is selected from 
the group consisting of optionally substituted alkyl groups, 
optionally substituted alkoxy groups and optionally substi 
tuted phenyl groups. Of particular interest are those com 
pounds in Which the optional substitution is one or more 
halogens, including one or more ?uorines or chlorines. 

[0083] In other speci?c embodiments, the invention 
includes compounds of formula CA1, Wherein n is 1, all of 
R1, R3-R7 are hydrogens, X is OH and R2 is selected from the 
group consisting of optionally substituted alkyl groups, 
optionally substituted alkoxy groups and optionally substi 
tuted phenyl groups. Of particular interest are those com 
pounds in Which the optional substitution is one or more 
halogens, including one or more ?uorines or chlorines. 

[0084] In other speci?c embodiments, the invention 
includes compounds of formula CA1, Wherein n is 1, all of 
R1, R3 -R7 are hydrogens, X is OH or H and R2 is selected from 
the group consisting of H, alkyl groups, alkoxy groups and a 
phenyl group. 
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[0085] In other speci?c embodiments, the invention 
includes compounds of formula CA1, Wherein n is 1, all of 
R1, R3-R7 are hydrogens, X is OH and R2 is selected from the 
group consisting of H, alkyl groups, alkoxy groups and a 
phenyl group. 
[0086] In other speci?c embodiments, the invention 
includes compounds of formula CA1, Wherein n is 1, all of 
R1, R3 -R7 are hydrogens, X is OH or H and R2 is selected from 
the group consisting of H, a methyl group, an ethyl group, 
propyl groups, butyl groups, a methoxy group, an ethoxy 
group, propyloxy groups, butyloxy groups and a phenyl 
group. 

[0087] In other speci?c embodiments, the invention 
includes compounds of formula CA1, Wherein n is 1, all of 
R1, R3-R7 are hydrogens, X is OH and R2 is selected from the 
group consisting of H, a methyl group, an ethyl group, propyl 
groups, butyl groups, a methoxy group, an ethoxy group, 
propyloxy groups, butyloxy groups and a phenyl group. 
[0088] In other speci?c embodiments, the invention 
includes compounds of formula CA1, Wherein n is 1, all of 
R1, R3 -R7 are hydrogens, X is OH or H and R2 is selected from 
the group consisting of H, a methyl group, a methoxy group, 
and a phenyl group. 

[0089] In other speci?c embodiments, the invention 
includes compounds of formula CA1, Wherein n is 1, all of 
R1, R3-R7 are hydrogens, X is OH and R2 is selected from the 
group consisting of H, a methyl group, a methoxy group, and 
a phenyl group. 

[0090] Ina speci?c embodiment, compounds 278, 297, 300 
and 446; and pharmaceutically acceptable salts, and esters 
thereof; are useful for treatment of a bone resorption clinical 
disorder. 

[0091] In a speci?c embodiment, compounds 278, 297, 
300, 444, 445 and 446; and pharmaceutically acceptable salts, 
and esters thereof; are useful in treatment of protoZoan dis 
eases, useful for treatment of a bone resorption clinical dis 
order, and for immunotherapy. 
[0092] In a speci?c embodiment, compounds, the des-hy 
droxy (Where X is H) analogs of compounds 278, 297, 300, 
444, 445 and 446; and pharmaceutically acceptable salts, and 
esters thereof; are useful in the treatment of a bone resorption 
clinical disorder. 

[0093] Compounds of this invention and compounds useful 
in the methods of this invention include those of the above 
formulas and pharmaceutically-acceptable salts and esters of 
those compounds. Salts include any salts derived from the 
acids of the formulas herein Which acceptable for use in 
human or veterinary applications. The term esters refers to 
hydrolyZable esters of diphosphonate compounds of the for 
mulas herein. Salts and esters of the compounds of the for 
mulas herein are those Which have the same therapeutic or 
pharmaceutical (human or veterinary) properties as the 
diphosphonate compounds of the formulas herein. Various 
combinations of salts are possible, With each phosphonate 
carrying a 2-, 1- or neutral charge. In principle there are 
multiple charge states possible, for example 9 charge states, 
for certain bisphosphonates of this invention. 
[0094] In an embodiment, the invention provides a com 
pound selected from the group consisting of 278, 297, 300, 
335, 344, 359, 364, 398, 443-447, 449-452, 455-457, 459 
462,470-481, 483-485, ZZl, 502, 511, 513, 520, 521, 523 
526, 529-534, 542, 556, 577-579, 582, 583, 586, 588, 590, 
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591, 595, 597-605, 607, 610, 612, and 613; and for each 
respective said compound, a pharmaceutically acceptable salt 
or ester thereof. 

[0095] In an embodiment, the invention provides a thera 
peutic composition comprising one or more compounds 
selected from the group consisting of278, 297, 300, 335, 344, 
359, 364, 398, 443-447, 449-452, 455-457, 459-462, 470 
481, 483-485, ZZl; and for each numbered compound a 
pharmaceutically acceptable salt or ester thereof; Wherein the 
compounds are present in the composition in an amount or in 
a combined amount effective for obtaining the desired thera 
peutic bene?t. The therapeutic compositions of this invention 
optionally further comprise a pharmaceutically acceptable 
carrier as knoWn in the art. 

[0096] In a speci?c embodiment, the invention includes 
compounds of the above formula CA1 Where n:1, R1 and 
R -R7 are hydrogens, X:OH, and RZIH, optionally substi 
tuted alkyl, optionally substituted alkoxy, and optionally sub 
stituted phenyl. In a more speci?c embodiment, the invention 
includes compounds Where n:1, R1 and R3-R7IH, XIOH, 
and R2:H, alkyl, alkoxy, and phenyl. In a further speci?c 
embodiment, the invention includes compounds Where n:1, 
R and R3-R7IH, XIOH, and R2:H, methyl, ethyl, propyl, 
butyl, methoxy, ethoxy, propoxy, butoxy, or phenyl. 
[0097] In an embodiment, the invention provides various 
methods relating to the treatment of clinical disease. In an 
embodiment, the invention provides a method of treating a 
bone resorption disorder comprising administering to a 
patient in need a composition comprising a compound of the 
invention. 
[0098] In an embodiment, the invention provides a method 
of treating a cancer disorder comprising administering to a 
patient in need a composition comprising a compound of the 
invention. In a speci?c embodiment, the cancer is breast 
cancer. In a speci?c embodiment, the breast cancer involves 
an actual or potential bone metastatic condition. In a speci?c 
embodiment, the invention provides a method of treating 
myeloma, lymphoma, prostate cancer, an epidermoid cancer, 
or orthotopic tumors. 

[0099] In an embodiment, the invention provides com 
pounds and methods for use in a combination therapy in the 
treatment of cancer. In a speci?c embodiment, a combination 
therapy utiliZes a bisphosphonate compound of the invention 
and a different chemotherapeutic agent Which can optionally 
be a distinct other bisphosphonate compound. In a particular 
embodiment the different chemotherapeutic agent is alendr 
onate, Zoledronate, risedronate, pamidronate, fas ligand 
(FasL), mevastatin, dexamethasone, paclitaxel, epirubicin, 
docetaxel, imatinib mesylate, tumor necrosis factor (TNF) 
related apoptosis inducing ligand (TRAIL), uracil-tegafur, 
gemcitabine, melphalan, doxorubicin, vincristine, or 
R1 15777 famesyl transferase inhibitor (FTI) (Zamestra®). In 
a particular embodiment, the combination of the bisphospho 
nate compound of the invention and the different chemothera 
peutic agent has a synergistic effect. In another particular 
embodiment the combination has an additive effect. 

[0100] In an embodiment, the invention provides a method 
of treating an infectious disease comprising administering to 
a patient in need a composition comprising a compound of the 
invention. In a speci?c embodiment, the infectious disease 
relates to an agent selected from the group consisting of: a 
virus, a bacterium, a fungus, and a protoZoan parasite. In a 
speci?c embodiment, the virus is a retrovirus. In a more 
speci?c embodiment, the retrovirus is human immunode? 
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ciency virus (HIV). In an embodiment, the protoZoan parasite 
is Leishmania major. In an embodiment, the protoZoan para 
site is selected from the group consisting of: Leishmania, 
Toxoplasma, Cryplosporidium, Plasmodium, and T rypano 
soma. In an embodiment, the infectious disease is selected 
from the group consisting of leishmaniasis, toxoplasmosis, 
cryptosporidiosis, sleeping sickness, and malaria. 
[0101] In an embodiment, the invention provides a method 
of immunotherapy comprising administering to a patient in 
need a composition comprising a compound of the invention. 
In a speci?c embodiment, the method stimulates T cells in the 
patient. In a more speci?c embodiment, the method stimu 
lates gamma delta T cells. 
[0102] In an embodiment, the invention provides a method 
of screening a bisphosphonate test compound for a potential 
therapeutic activity, comprising: providing said bisphospho 
nate test compound, measuring a performance attribute of 
said test compound in at least three assays selected from the 
group consisting of: a Leishmania major farnesyl diphos 
phate synthase (FPPS) assay, a Diczyoslelium discoideum 
assay, a T cell activation assay, and a bone resorption assay, 
analyZing said performance attribute; and selecting said bis 
phosphonate test compound based on said attribute; thereby 
screening said bisphosphonate test compound. In a speci?c 
embodiment, the method further comprises providing a ref 
erence compound and comparing a performance attribute of 
said reference compound With said performance attribute of 
said test compound. 
[0103] In an embodiment, the invention provides a method 
of synthesiZing a bisphosphonate compound of the invention, 
for example formula CA1, comprising: syntheses as shoWn 
and described herein, eg in schemes, FIG. 2, etc.; and as 
further Would be understood in the art. 
[0104] In an embodiment, the invention provides a method 
of treating bone pain comprising administering to a patient in 
need a compound of the invention. In a particular embodi 
ment, the treatment of bone pain is in the context of a bone 
disease. In a particular embodiment, the treatment of bone 
pain is in the context of a patient With a metastatic cancer. In 
a particular embodiment, the metastatic cancer has spread to 
a bone location or originated in a bone location. For example, 
the treatment of bone pain can be achieved in a breast cancer 
patient Wherein a metastatic breast cancer can or has spread to 
a bone location. 

BRIEF DESCRIPTION OF THE FIGURES 

[0105] FIG. 1 illustrates compounds C1-C6, including 
pamidronate (Aredia®) C1; alendronate (Fosamax®) C2; 
risedronate (Actonel®) C3; Zoledronate (Zometa®) C4; C5; 
and C6 shoWn in their ZWitterionic forms. 
[0106] FIG. 2 illustrates synthetic routes in the preparation 
of compounds. 
[0107] FIG. 3 illustrates structures of compounds. 
[0108] FIG. 4 illustrates structures of selected compounds. 
[0109] FIG. 5 illustrates structures of selected compounds. 
[0110] FIG. 6 illustrates cellular pathWays of isoprenoid 
biosynthesis. 
[0111] FIG. 7 illustrates the structures of pyridinium-l-yl 
bisphosphonates, compounds C5 and C7-C18. 
[0112] FIG. 8 illustrates correlations: A, betWeen FPPS 
inhibition and D. discoideum groWth inhibition; and B, 
betWeen FPPS inhibition and Y6 T cell activation (as deter 
mined by TNF-ot release). The R2 and p values are R2:0.65 
and p<0.0001 inA and R2:0.68 and p<0.0001 in B. 
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[0113] FIG. 9 illustrates a structure of a bisphosphonate 
compound. 

DETAILED DESCRIPTION OF THE INVENTION 

[0114] The invention may be further understood by the 
following non-limiting examples. 

EXAMPLE 1 

Bisphosphonate Compounds 

[0115] We report the design, synthesis and testing of a 
series of novel bisphosphonates. The most potent molecules 
have high activity and can represent useful compositions for 
a variety of applications such as in bone resorption disorders, 
parasitic diseases, immunomodulation, and cancer. 
[0116] Our efforts led to the prediction of the importance of 
the presence of a positive charge at a relatively localiZed 
position in the bisphosphonate side chain. This can be related 
to the position of the positive charge expected in the pyri 
dinium and imidaZolium forms of compounds C3 and C4, 
shoWn above. 
[0117] We explored the possibility that the pyridinium-l -yl 
species, compound C5, might have useful activity. We syn 
thesiZed C5 and a series of derivatives (compounds C7-C18, 
FIG. 7), using the folloWing general scheme, Scheme 1. 

SCHEME 1 : 

(\N 
—> 

| Pd or Ni complex 
/ catalyzed coupling 

(9 

A N BrCHZCOOH (\NACOOH 
R—' —> R_| 

/ / 
@ i. H3PO3, POC13, 

(\NACOOH toluene, 80° c. 

Br 

A? Po(oH)2 
R—: on 

/ Po(oH)2 

[0118] In the ?rst step, We used (Where necessary) coupling 
reactions of arylmetallic compounds With bromopyridines, 
catalyZed by Pd(PPh3)4 (ref. 32) or NiCl2(PPh3)2 (ref. 33) to 
produce substituted pyridines. The substituted pyridines Were 
then alkylated by using bromoacetic acid (ref. 34) and the 
resulting pyridinium-l-yl acetic acids Were converted to the 
corresponding bisphosphonates by using H3PO3/POCl3 (ref. 
35). 
[0119] We then investigated the activity of each compound 
in inhibiting the FPPS from L. major, in Diclyoslelium dis 
coideum groWth inhibition and in Y6 T cell activation. We used 
the FPPS from L. major since this enZyme is the putative 
bisphosphonate target in several trypanosomatid species. We 
used D. discoideum to test for cell groWth inhibition, since 
this organism has been useful in the context of the develop 
ment of bone resorption drugs (ref. 36). To determine the 
stimulatory activity of compounds C5 and C7-C18 for 
VY2V62 T cells, We used the TNF-ot release assay (ref. 30). 
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[0120] In the L. major FPPS inhibition assay, C5 Was found 
to have a Ki of 18 nM (Table 6) and Was thus slightly less 
active than the most potent commercially available bisphos 
phonates, Zoledronate (4, KiIll nM in this assay) and risedr 
onate (3, Ki:17 nM in this assay) (Table 6). In order to try to 
enhance activity, We next investigated the desirability of plac 
ing substituents at the meta position. We thus prepared com 
pounds C7-C9 (FIG. 7) and tested them in the FPPS assay. 
The meta-methyl analog of C5 (C7) Was not as active as C5 
(Ki:38 nM versus 18 nM), but substitution With a meta 
phenyl group, giving C8, resulted in a very potent species, 
having a Ki:9 nM, slightly more active than Zoledronate, 4 
(KiIll nM). The para-phenoxy derivative of C5 (C9) Was 
found to be less active (Ki:75 nM), possibly due to unfavor 
able electrostatic interactions of the OH group in the FPPS 
active site. 

TABLE 1 

Activities of bisphosphonates as L. major FPPS inhibitors, D. discoideam 
cell growth inhibitors and gammadelta T cell simulators.* 

Com- L. major D. discoideam gammadelta T cell 
pound FPPS Ki IC5O stimulation, 

Compound Alias (nM) (nM) EC5O ([JM) 

1 (pamid- 190 167 940 

ronate)"‘*b 
2 (alen- 95 32 52 

d.ronate)""b 
3 (rised- 17 2.8 6.2 

ronate)"‘*b 
4 (Zole- 11 1.9 7.3 

d.ronate)""b 
5 278 18 2.1 5.1 
6 (incad- 23 1.6 15 

ronate)"‘*b 
7 297 38 1 5 4 6 
8 300 9 2 8 3 7 
9 359 75 2 9 24 

10 335 160 8 5 430 
11 344 70 9 9 140 
12 364 950 2 3 >1000 
13 398 80 20 41 
14 447 380 72 53 
15 444 20 5 6 5 1 
16 445 20 2 9 5 2 
17 446 30 6 4 6 
18 443 110 12 230 

3L. major FPPS inhibition data from Ref. 17 
bGalnmadelta T cell stimulation data from Ref. 30 
*Note that compound designations here are referred to by numbers and may 
optionally be designated With a preceding “C” yielding, e.g., C1, C2, etc. 

[0121] Since the phenylpyridinium species, C8, displayed 
good activity, We next synthesiZed C10 and C1 1. Both of 
these compounds contain a methylene linker betWeen the tWo 
aromatic groups and it seemed possible that they might better 
mimic the putative geranyl dipho sphate reactive intermediate 
(C1 9): 
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[0122] but each of these compounds Was approximately 
ten-fold less active than C8, With Ki values in the 70-160 nM 
range, Table 1. We also prepared the biphenylpyridinium 
compound, C12, since the added hydrophobicity of C8 
appeared encouraging, but C12 proved to be relatively inac 
tive, having a Ki of 950 nM. The isoquinoline and quinoline 
species, C13 and C14, had modest activity (80 and 380 nM, 
respectively, for C13 and C14), but the meta-ethyl (C15), 
butyl (C16), methoxy (C17) and para-benZyl (C18) pyri 
dinium species Were generally more active (20, 20, 30 and 
110 nM, respectively), although they Were less active than 
compounds C3-C6, C8. See Table 1. 
[0123] We next investigated D. discoideum groWth inhibi 
tion by compounds 1-18 (Table 1; alternatively referred to as 
C1-C18). The most active compound found Was the meta 
methylpyridinium compound, C7, Which had an lC5O of 1.5 
uM, folloWed by incadronate (C6, lC5O:1.6 [1M) and Zoledr 
onate (C4, lC5O:1.9 uM). The unsubstituted pyridinium bis 
phosphonate, C5, Was slightly more active (lC5O:2.1 uM) 
than Was risedronate (C3, lC5O:2.8 uM). As With the FPPS 
inhibition results, the benZylpyridinium bisphosphonates 
(C10, C11, C18) Were less active than the pyridinium and 
phenylpyridinium species (C5, C7-9). Surprisingly, C12 
shoWed high activity, due perhaps to the possibility of an 
additional target in D. discoideum or the possibility of struc 
tural differences betWeen L. major and D. discoideum FPPS 
enZymes. With the exception of C12, the activity results for 
the 17 bisphosphonates are highly correlated (R2:0.65, p<0. 
0001), as shoWn in FIG. 8A. 

[0124] Next, We investigated the ability of C5 and com 
pounds C7-C18 to stimulate gammadelta T cells, using the 
TNF-ot release assay (ref. 30). The most active compound 
Was found to be C8 (EC5O:3.7 uM), folloWed by C7 and C17 
(EC5O:4.6 uM), With these compounds having more activity 
than risedronate (C3, EC5O:6.2 uM) (ref. 30) or Zoledronate 
(C4, EC5O:7.3 uM) (ref. 30) in this TNF-ot release assay. 
Addition of the para hydroxyl group (8—>9) again reduced 
activity (Table 1), and again all three methylene bridged 
compounds (C10, C11, C18) had poor activity. The activity 
results for FPPS inhibition Were found to be highly correlated 
With gammadelta T cell TNF-ot release results (R2:0.68, 
p<0.0001), as shoWn in FIG. 8B, suggesting the likely impor 
tance of FPPS inhibition in gammadelta T cell activation 
(refs. 29, 30). 
[0125] We also explored the idea that electron WithdraWing 
sub stituents on the ring could improve activity in bone resorp 
tion. To test this, compound 461 Was prepared and tested, and 
indeed this species Was found to be very potent in bone 
resorption. See Table 4. 
[0126] Without Wishing to be bound by a particular theory, 
these results may con?rm the importance of a positive charge 
at the N-1 position. This suggests that the further develop 
ment of this class of compounds can continue to be of interest 
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in the context of the chemotherapy of infectious diseases, 
bone resorption, cancer, bone pain, and in immunotherapy. 

EXAMPLE 2 

Structures of Bisphosphonate Compounds 

[0127] Particular bisphosphonate compounds Were synthe 
siZed. See Table 2 and the folloWing ?gures: FIG. 3, FIG. 4, 
and FIG. 5. Note that in Table 2, the ?rst column With the 
heading “Item” is not intended to refer to a compound desig 
nation, Whereas the second column does refer to compound 
designations. 

TABLE 2 

Summary list of compounds With corresponding 
structures illustrated in FIGS. 3-5. 

Item Compound Designation 

1 278 
2 297 
3 300 
4 335 
5 344 
6 359 
7 364 
8 398 
9 443 

10 444 
11 445 
12 446 
13 447 
14 449 
15 450 
16 451 
17 452 
18 455 
19 456 
20 457 
21 459 
22 460 
23 461 
24 462 
25 470 
26 471 
27 472 
28 473 
29 474 
30 475 
31 476 
32 477 
33 478 
34 479 
35 480 
36 481 
37 483 
38 484 
39 485 
40 ZZl 
41 502 
42 511 
43 513 
44 520 
45 521 
46 523 
47 524 
48 525 
49 526 
50 529 
51 530 
52 531 
53 532 
54 533 
55 534 
56 542 
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TABLE 2-continued 

Summary list of compounds With corresponding 
structures illustrated in FIGS. 3-5. 

Item Compound Designation 

57 556 
58 577 
59 578 
60 579 
61 582 
62 583 
63 586 
64 588 
65 590 
66 591 

67 595 
68 597 
69 598 

70 599 
71 600 
72 601 

73 602 
74 603 
75 604 

76 605 
77 607 
78 610 

79 612 
80 613 

EXAMPLE 3 

Activity of Bisphosphonate Compounds in T Cell 
Stimulation and Applications in Immunotherapy 

[0128] Additional compounds Were tested for the ability to 
stimulate gammadelta T cells. Results are shoWn in Table 3. 

TABLE 3 

gammadelta T cell stimulation results 
for selected bisphosphonate compounds. 

Compound EC5O ([IM) 

2 4.7 
2 3.5 

278 4 8 
297 4 9 
300 2.1 
335 63.4 
398 40.6 
442 27 5 
443 186 6 
444 2 8 
445 2 5 
461 2 7 
470 3 3 
472 2 1 
473 20 1 
474 2 4 
475 2 8 
476 2 0 
477 1 8 
480 68.7 
481 83.4 
482 12 5 
483 2 9 
484 4 6 
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EXAMPLE 4 

Exploration of Activity of Bisphosphonate Com 
pounds and Strategic Design of Compounds 

[0129] We explored the hypothesis of Whether analogs of 
pyrophosphate could block pyrophosphatase enzymes and/or 
inhibit cellular groWth or function. We used certain bisphos 
phonate compounds that are currently applied in bone resorp 
tion therapy. The compounds included pamidronate 
(Aredia®, Novartis), alendronate (Fosamax®, Merck), and 
risedronate (Actonel®, Procter & Gamble). The compounds 
did not appear necessarily to inhibit pyropho sphatases but did 
inhibit parasite cell groWth. Without Wishing to be bound by 
a particular theory, the compounds appeared to act as inhibi 
tors of isoprenoid biosynthesis (FIG. 6). 
[0130] The FPP synthase inhibitor pamidronate Was 
observed to be effective in treating cutaneous leishmaniasis in 
mice. The average lesion size in treated mice Was reduced 
during a time period of several Weeks and in a do se-dependent 
manner relative to treated mice. 

[0131] In an embodiment, a compound of the invention 
inhibits deoxyxylulose-S-phosphate reductoisomerase 
(DXR), an enzyme involved in isoprenoid biosynthesis. In a 
particular embodiment, a compound is able to affect Plasmo 
dium in vitro or in vivo. 

[0132] In an embodiment of the invention, a compound 
inhibits the mevalonate pathWay. In an embodiment of the 
invention, a compound interacts With IPP isomerase (next to 
FPP synthase in the isoprene biosynthesis pathWay) and acti 
vates gammadelta T cells. 

EXAMPLE 5 

Activity of Bisphosphonate Compounds in Bone 
Resorption 

[0133] Compounds are tested in a bone resorption assay: 
45Ca2+ release from 17-day old fetal mouse metatarsals (ref. 
37). Results of IC5O values for test compounds are observed 
and optionally compared to those for reference compounds 
such as risedronate (C3), alendronate (C2), and pamidronate 
(Cl) and/or other bisphosphonate compounds knoWn in the 
art. In a preferred embodiment, bisphosphonates of the inven 
tion such as the pyridinium- 1 -yl bisphosphonates are compa 
rable to or more active in the bone resorption assay or in 
treatment of a bone resorption clinical disorder than one or 
more other reference bisphosphonates. 

EXAMPLE 6 

Application of Bisphosphonate Compounds in the 
Treatment of Cancer 

[0134] Compounds are tested for e?icacy in reducing the 
occurrence, severity, or course of bone metastases in stage 
II/III breast cancer patients. A compound of the invention is 
found effective and administered to a patient in need of treat 
ment. Treatment With a compound of the invention is effective 
in reducing the risk of bone metastasis and/or increasing the 
likelihood of survival, optionally in relation to treatment With 
a placebo. A compound is effective in enhancing a survival 
outcome in patients With more advanced disease. A com 
pound administered to a cancer patient can simultaneously 
provide a bene?t in the treatment of osteolysis and/ or hyper 
















